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ABSTRACT
Product and service reviews can markedly influence con-
sumer purchase decisions, leading to financial gains or losses
for businesses. Therefore, there is a growing interest towards
techniques for bringing out reviews that could negatively or
positively bias new customers. To this goal, we propose a
visual analysis of reviews that enables quick elicitation of in-
teresting patterns and singularities. The proposed approach
is based on a theoretically sound framework, while its effec-
tiveness and viability is demonstrated by its application to
real data extracted from Tripadvisor and Booking.com.
Categories and Subject Descriptors
Human-centered computing [Visualization]: Visualization
application domains—Visual analytics; Information systems
[Information systems applications]: Data mining
Keywords
singularity detection, matrix-based visualization, reviews
1. INTRODUCTION
Consulting online reviews before the purchase of services
and products has become a common practice in the last
years. Reviews can largely influence purchase decisions: if
most reviews are positive, people are inclined to buy the
product; on the contrary, negative reviews will persuade the
user to look for alternatives. This fact leads to the submis-
sion of fake reviews with the main intent of twisting product
perception [2]. Academia has shown a growing interest to-
wards recommendation systems and a flourishing literature
exists on deceptive reviews [4].
The richness of data and the intrinsic complexity of an-
alyzing reviews naturally calls for closely coupled human-
machine interaction. A way to bridge this gap is to resort to
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visual analytics—the science of analytic reasoning facilitated
by visual interfaces [3]. The main advantage of adopting a
visual approach lies in strengthening human interaction with
complex graphical displays. As translating human knowl-
edge into structured data is sometimes difficult to achieve,
putting humans in the loop allows for a better correlation
of knowledge with review data. Moreover, visualization en-
ables the analyst to visually mine data, without recurring
to any data mining or machine learning algorithms, but just
by means of human reasoning.
This paper proposes a visual approach for singularity de-
tection in review platforms. Our idea is to complement ex-
isting review assessment techniques by providing a “visual
workbench” for review analysts. We adapted results coming
from IT security [1] to implement a novel methodology for
review analysis. Other than being rooted on sound theory,
our solution is also accompanied by an experimental cam-
paign that confirm its quality and viability.
2. A MATRIX OF REVIEWS
The general assumption of this paper is that visual repre-
sentations of data can actually amplify cognition, leading to
optimal analysis results. To our knowledge, there is a lack of
visual approaches that can help owners (and consumers) of
review platforms to actively monitor and verify the appro-
priateness of users’ reviews. The problem that we address
is offering a graphical way to effectively navigate existing
reviews in a system, showing at a glance what it would take
a lot of data, processing and time to expound.
Among all possible graphical representations, we focus on
matrix-based visualization, a two-dimensional graphical rep-
resentation of a matrix, where rows, columns, and cells have
assigned a specific meaning. The main problem to address
when depicting a matrix is identifying a proper sorting of
rows and columns: it can be proven that rearranging rows
and columns allows to highlight the main patterns embedded
in the represented data [1]. To identify the best row/column
sorting, [1] propose a fast algorithm referred to as ADVISER
(Access Data VISualizER), which is able to provide a com-
pact representation of patterns embedded in a binary ma-
trix. The remainder of this paper focuses on applying the
ADVISER to provide a matrix representation for reviews.
Our approach starts from specifying how to construct
a matrix-based visualization out of review data. To this
aim, we extracted real data from Tripadvisor (http://www.
tripadvisor.com) and Booking.com (http://www.booking.com)
websites. Due to space limitation, we will only report on re-
views about hotels in New York. However, the type of pat-
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(a) Reviews in Tripadvisor
for hotels in common be-
tween the two platforms
(b) Reviews in Booking.com
for hotels in common be-
tween the two platforms
(c) Reviews in Tripadvisor
and not in Booking.com
(d) Reviews in Booking.com
and not in Tripadvisor
(e) Shared reviews in Booking.com and Tripadvisor
Figure 1: Leveraging a matrix representation to
highlight the differences between reviews in Tripadvi-
sor and Booking.com. Figures (d) and (c) show hotels
that received reviews only in one of the two plat-
forms for the given weeks. Figure (e) displays dif-
ferences between the two platforms—yellow means
no difference, red means opposite reviews.
terns and singularities that we identified for the city of New
York can be easily observed in other cities. The extracted
dataset consists of a list of reviews, each one made up of:
user ID, hotel name, review date, review text, rating.
We generated several matrices from such datasets. Among
all possible cases, in this paper we discuss the matrix rep-
resentation obtained by assigning each row to review weeks,
sorted from top to bottom in reverse chronological order;
columns represent hotels, sorted according to the above men-
tioned ADVISER algorithm; finally, a cell is “filled” when
there is at least one review for the given hotel in the given
week. Cells are yellow when the average of all ratings for
the hotel (column) in the given week (row) is 1 star (the
lowest), whereas red cells means an average rating of 5 stars
(the highest). The white space indicates no reviews at all.
Figures 1(a) and 1(b) depict two examples of such matrices.
3. VISUAL ANALYSIS OF REVIEWS
Several types of analysis can be performed by leveraging
a matrix representation of reviews. First of all, cell colors
enable one dimension of analysis. Vertical “lines” with the
same color display hotels with the worst and best reviews in
the city. Moreover, we can leverage matrix representation to
highlight differences between the two platforms Tripadvisor
and Booking.com. Figure 1 summarizes the results.
We firstly identified the subset of hotels that have reviews
in both systems. We used a na¨ıve string matching to iden-
tify hotels existing in both datasets, resulting to 171 hotels
in common (that is, 44% of Tripadvisor’s hotels, and 35% of
Booking.com’s) for the period from October 10, 2012 to July
11, 2013. Figure 1(a) represents reviews for such a set of ho-
tels in Tripadvisor in the given time frame, while Figure 1(b)
is the subset of Booking.com.
We compared weeks of reviews by computing the differ-
ences between the two matrices. In other words, we analyzed
weeks where certain hotels had reviews in one platform but
not in the other one. Figure 1(c) shows reviews provided
only in Tripadvisor. It can be seen as the matrix of Fig-
ure 1(a) “minus” the matrix of Figure 1(b)—obtained by
removing a cell when it is present in both matrices. Fig-
ure 1(d) depicts hotels reviewed only in Booking.com for the
given weeks. Figure 1(e) shows weeks where both platforms
contain reviews for the same hotels; in this case the mean-
ing of colors changes: a yellow cell means that there is no
difference between the rating provided in the two platforms,
whereas red means conflicting reviews.
The main observation is that there are hotels mostly re-
viewed in one system and not in the other one. Those are
represented by vertical lines in Figures 1(c) and 1(d). Inter-
estingly, such a set of hotels is more evident in Figure 1(d)
than in Figure 1(c). In Tripadvisor there is no hotel that is
exclusive for this platform—no contiguous vertical lines in
Figure 1(c). Note also that in both Figure 1(c) and 1(d)
cells are mainly red, which means that the differences be-
tween the two platforms is mainly involve positive ratings.
Finally, Figure 1(e) highlights the differences in terms of
rating. A cell is red or yellow when the corresponding hotel
has a review in both Tripadvisor and Booking.com for the
given week. A yellow cell means an agreement (i.e., low
or high rating in both platforms), while a red one means
a conflict (i.e., low rating in one platform and high in the
other). We can observe an overall agreement between the
two platforms, with, however, some conflicts that could be
further investigated by an analyst.
4. CONCLUSIONS
This paper introduced a visual approach to simplify sin-
gularity detection in review systems. We highlighted how to
convert raw review data to binary matrices, which in turn
are the basis for our visual approach. We shown the effec-
tiveness and quality of the proposed solution with an exper-
imental campaign over real data extracted from Tripadvisor
and Booking.com. While the proposed approach is not a
definitive answer to the vexed issue of detecting misleading
reviews, we believe that its novelty paves the way for fur-
ther contributions in the area of visual analytics applied to
review systems.
5. REFERENCES
[1] A. Colantonio, R. Di Pietro, A. Ocello, and N. V.
Verde. Visual role mining: A picture is worth a
thousand roles. IEEE Trans on Know. Data Eng.,
24(6), 2012.
[2] B. Liu. Sentiment Analysis and Opinion Mining.
Synthesis Lectures on Human Language Technologies.
Morgan & Claypool Publishers, 2012.
[3] J. J. Thomas and K. A. Cook. A visual analytics
agenda. Computer Graphics and Applications, IEEE,
26(1), 2006.
[4] Z. Xie and S. Zhu. Grouptie: toward hidden collusion
group discovery in app stores. In WiSec’14, 2014.
1295
